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A unique ellipsometer that uses only a photodetector and
no other optical element has been described recently. 1 The
detector surface is partially specularly reflecting and inter
cepts the incoming light beam at oblique incidence (Fig. 1).
A fraction of the incident radiation is absorbed which de
pends on the incident polarization and the azimuthal orien
tation of the plane of incidence (POI). The detector is
synchronously rotated around the light beam as an axis so
that the POI becomes a revolving plane. The output electri
cal signal id of the linear photodetector is proportional to the
amount of absorbed radiation and is modulated by the rota
tion. It is this modulation that determines the input state of
polarization.
The analysis of Ref. 1 was carried out for incident totally
polarized light, and it was found that this rotating-detector
ellipsometer (RODE) determines the elliptic vibration of the
electric vector except for handedness. In this Letter we
consider the response of RODE to partially polarized inci
dent light which is described more generally by the four
Stokes parameters S 0 , S1, S 2 , and S 3 . We prove that RODE
can determine the first three Stokes parameters S 0 , S 1 , and
S 2 , but that it is totally blind to S 3 (hence to the degree of
circular polarization) as may be intuitively anticipated. Be
cause radiation from the sun-lit atmosphere and many astro
nomical sources is mostly partially linearly polarized (see,
e.g., Refs. 2-4), a vast range of possible applications is open to
RODE.
One position of the detector, established, e.g., when the
reflected beam passes through a fixed aperture, defines a
reference POI. Two axes, χ and y, parallel and perpendicular
to that reference plane, define the coordinate system with
respect to which the Stokes parameters of incident light are
defined. These parameters are lumped in the unknown
Stokes vector

At an arbitrary moment, the directions parallel p and per
pendicular s to the instantaneous POI make an angle θ with
the χ and y axes, respectively. The Stokes vector of incident
light referenced to the rotated ps coordinate system is given
by

where

is the Mueller matrix of a coordinate rotation θ. The Stokes
vector of the reflected light is given by

where M is the Mueller matrix that represents the effect of
reflection from the detector surface and is given by 5

In Eq. (5), R is the intensity reflectance for incident unpolarized or circularly polarized light, and tanψ exp(J ) gives the
ratio of the complex amplitude P and s reflection coeffi
cients.
We need only know the first Stokes parameter S 0 r of the
reflected beam (that represents its flux). Substituting the
matrices given by Eqs. (1), (3), and (5) into the right-hand
side of Eq. (4) and carrying out the matrix multiplications,
we obtain

The detected signal is given by

where k is the detector sensitivity parameter, and (S0 - S0r)
is the absorbed flux. If Eq. (6) is used in Eq. (7), we get

Equation (8) shows that RODE responds to the first three
Stokes parameters S 0 , S 1 , and S 2 but that it is totally blind to
S 3 . With θ = ωt, where ω is the angular rotation frequency
and t is the time, it is evident that S 0 , S 1 , and S 2 appear in the
amplitudes of distinct Fourier components of the modulated
signal id and, therefore, can be separately determined. As
may be expected, Eq. (8) is very similar to what one gets with
the rotating-analyzer ellipsometer. 6 To extract S 0 , S 1 , and
S 2 , the detector parameters k, R, and ψ must be known or
measured by calibration.
Rarely are we interested in the absolute values of the
Stokes parameters. This calls for normalization of Eq. (8)
by factoring out the constant (θ-independent) term; this
gives

where

Fig. 1. Rotating-detector ellipsometer, after Ref. 1.
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Digital Fourier analysis of id determines the cosine and sine
amplitudes a and b, and from Eqs. (11) one gets the normal
ized Stokes parameters

The single important parameter a can be determined in a
simple calibration step in which RODE is illuminated by
totally linearly polarized light of arbitrary azimuth (by plac
ing a good linear polarizer in the path of the incident beam),
and the corresponding Fourier amplitudes ac and bc of the
output calibration signal are recorded. Then we can use the
fact that
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for total incident linear polarization to obtain, using Eqs.
(14),
The calibration signal can be put in the form i = i0[1 + α
cos(2θ - 2θ0)], where θ0 is the azimuth of the incident linear
vibration from the reference plane and a represents the
modulation depth. This identifies a with the parameter mL
of Ref. 1. This can also be verified by manipulating Eq. (12)
as follows. Let Rp and Rs be the detector surface reflectances
for incident p- and s-polarized light. Then we can write

If R and cos2ψ in Eq. (12) are replaced by their values from
Eqs. (17), one gets

It should be noted that a is a function of wavelength 1 and
must be measured over the useful spectral range of the detec
tor for spectroscopic applications.
To summarize: we have shown that the rotating-detector
ellipsometer (RODE), first described in Ref. 1, can be used to
measure the first three Stokes parameters of incident light
which is in a general state of partial polarization. This
considerably widens the scope of possible applications of this
unique and simple instrument.
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